A series of experiments are performed in an extensively instrumented axial flow research compressor to investigate the fundamental flow physics of wake generated periodic rotor blade row unsteady aerodynamics at realistic values of the reduced frequency. Unique unsteady data are obtained which describe the fundamental unsteady aerodynamic gust interaction phenomena on the first stage rotor blades of a research axial flow compressor generated by the wakes from the Inlet Guide Vanes. In these experiments, the effects of steady blade aerodynamic loading and the aerodynamic forcing function, including both the transverse and chordwise gust components, and the amplitude of the gusts, are investigated and quantified.
INTRODUCTION
Periodic aerodynamic excitations generate unsteady aerodynamic forces and moments on turbomachinery blading. At the resonance conditions where the aerodynamic excitation frequency matches a blade natural frequency, catastrophic vibrational responses of the blading may occur. In the design process, Campbell diagrams are utilized to predict the occurrence of the resonant conditions in the operating range of the blade row. Unfortunately, accurate predictions of the amplitude of the blade vibration at these resonances cannot currently be made due to the inability of mathematical models to accurately predict the unsteady aerodynamics, i.e., the aerodynamic forcing function to the blade row and the resulting unsteady aerodynamics acting on the blading. As a result, empirical correlations are currently used to indicate the blade row response to an excitation, with varying degrees of success.
On a first principles basis, forced response unsteady aerodynamics are analyzed by first defining the forcing function in terms of harmonics. The periodic response of an airfoil row to each harmonic is then assumed to be comprised of two components. One is due to the harmonic components of the unsteady aerodynamic forcing function being swept past the nonresponding airfoil row, termed the streamwise and transverse gust responses. The second, the self-induced unsteady aerodynamics, arises when a vibrational response of the airfoil row is generated.
The gust and motion-induced unsteady aerodynamic models involve many physical and numerical assumptions. Therefore, experimental modeling of the fundamental distortion and wake generated blade row periodic unsteady aerodynamic response, including both the forcing function and the resulting blade row unsteady aerodynamics, is needed for validation and enhancement of theoretical and numerical models.
Unsteady aerodynamic gust experiments of direct interest to turbomachines have been performed in low speed research compressors. Fleeter, Jay and Bennett (1978) and Fleeter, Bennett and Jay (1980) investigated the effects of airfoil camber and rotor-stator axial spacing on the unsteady aerodynamics of a stator vane row of a single stage low speed research compressor. Capece, Manwaring and Fleeter (1986) and Capece and Fleeter (1987) performed measurements in a three stage low speed research compressor to investigate the effect of steady airfoil loading and detailed aerodynamic forcing function waveshape on the unsteady aerodynamic response of a stator vane row. Gallus, Lambertz and Wallman (1980) performed measurements at the midspan of a low camber vane of a single stage axial flow compressor. The unsteady lift coefficients corresponding to the first five harmonics of rotor blade wake passing were measured with five transducers embedded in each vane surface.
Gust experiments performed in rotor blade rows include the following. With regard to inlet flow distortions, O'Brien, Cousins, and Sexton (1980) utilized six dynamic pressure transducers embedded on each rotor blade surface to measure the unsteady aerodynamic response to a distorted inlet flow field. However, the periodic rotor blade row inlet flow field was not measured and, thus, the unsteady aerodynamic gust forcing function was not quantified. Hardin, Carta, and Verdon (1987) measured low reduced frequency oscillating airfoil aerodynamics on the rotor of a single stage compressor and also stated that they performed similar distortion experiments although the results were not presented. Fleeter (1989, 1990) experimentally investigated the unsteady aerodynamic rotor blade row gust response generated by low reduced frequency inlet distortions and wake type disturbances. The major advantage of rotor based unsteady gust experiments over stationary blade row experiments is that the unsteady aerodynamic forcing function is located in the stationary reference frame. This enables a wide range of forcing functions to be more easily generated and without large detrimental effects on compressor overall performance.
In this paper, the rotor blade row fundamental unsteady aerodynamic flow physics generated by periodic wakes are investigated at realistic values of the reduced frequency. In particular, the effects of the detailed unsteady aerodynamic forcing function, including both the transverse and chordwise gust components and the gust amplitude, as well as steady aerodynamic loading on the unsteady aerodynamic gust response of the first stage rotor blade row are investigated. This is accomplished by means of a series of experiments performed in an extensively instrumented axial flow research compressor. Unique unsteady aerodynamic data are obtained which describe both the detailed unsteady aerodynamic forcing function generated by the wakes from the IGV's and the resulting first stage rotor blade row unsteady aerodynamic gust response.
In these experiments, the primary data obtained define the midspan chordwise distributions of both the steady and unsteady pressure on the rotor blade surfaces, with the aerodynamic forcing function generated in the stationary reference frame. These forcing functions are measured with a rotating cross hot-wire probe, with these data then analyzed to determine the streamwise and transverse velocity components, u+ and v+ shown in Figure 1 . The resulting unsteady aerodynamic gust generated rotor blade surface unsteady pressure chordwise distributions are measured with embedded ultra-miniature high response dynamic pressure transducers. The blade surface steady pressure chordwise distributions are measured with blade surface static taps ported to a rotor-based Scanivalve system.
RESEARCH COMPRESSOR
The Purdue Axial Flow Research Compressor models the fundamental turbomachinery unsteady aerodynamic multistage interaction phenomena which include the incidence angle, the velocity and pressure variations, the aerodynamic forcing function waveforms, the reduced frequency, and the unsteady blade row interactions. The compressor is driven by a 15 HP DC electric motor at a speed of 2,250 RPM. Each identical stage contains 43 rotor blades and 31 stator vanes having a British C4 airfoil profile, with the first stage rotor inlet flow field established by a variable setting inlet guide vane (IGV) row of 36 airfoils. The overall compressor and airfoil characteristics are defined in Table 1 .
The compressor aerodynamic performance is determined utilizing a 48 port Scanivalve system, thermocouples, and a venturi orifice to measure the required pressures, temperatures and flow rate, respectively. The Scanivalve transducer is calibrated each time data are acquired, thus automatically compensating for zero and span shifts of the transducer output. A 95% confidence interval, root-mean-square error analysis of 20 samples is performed for each steady data measurement.
INSTRUMENTATION
Both steady and unsteady rotor blade row data are required. These are acquired with the rotor-based instrumentation system schematically depicted in Figure  2 . The steady data quantify the rotor row mean inlet flowfield and the resulting rotor blade midspan steady loading distribution. The unsteady data define the periodic aerodynamic forcing function and the resulting midspan blade surface periodic unsteady pressure distributions.
The inlet flow field, both steady and unsteady, is measured with a rotating cross hot-wire probe. Disturbances in the stationary frame-of-reference, i.e., the IGV wakes, are the unsteady aerodynamic forcing functions to the first stage rotor row. The rotor periodic unsteady inlet flow field generated by these disturbances is measured with a cross hot-wire mounted in the rotor frame-of-reference. The probe is axially mounted 30% of rotor chord upstream of the rotor leading edge plane. A potential flow field analysis determined this axial location to be such that leading edge potential effects are negligible for all steady loading levels. The probe is angularly aligned to obtain rotor relative velocity and flow angle data. The cross hot-wire probe was calibrated and linearized for velocities from 18.3 m/sec to 53.4 m/sec and +/-35 degrees angular variation, with the accuracy of the velocity magnitude and flow angle were determined to be 4% and +/-1.0 degree, respectively. Centrifugal loading effects on the rotating hot-wire sensor resistances and, thus, the responses, were found to be negligible.
The detailed steady aerodynamic loading on the rotor blade surfaces is measured with a chordwise distribution of 20 midspan static pressure taps, 10 on each surface. The static pressure at the rotor exit plane, measured with a rotor drum static tap, is used as the blade surface static pressure reference. These static pressure measurements are made using a rotor based 48 port constant speed drive Scanivalve system located in the rotor drum.
The measurement of the midspan rotor blade surface unsteady pressures is accomplished with 20 ultraminiature, high response transducers embedded in the rotor blades at the same chordwise locations as the static pressure taps. To minimize the possibility of flow disturbances associated with the inability of the transducer diaphragm to exactly maintain the surface curvature of the blade, a reverse mounting technique is utilized. The pressure surface of one blade and the suction surface of the adjacent blade are instrumented, with transducers embedded in the nonmeasurement surface and connected to the measurement surface by a static tap. The embedded dynamic transducers are both statically and dynamically calibrated. The static calibrations show good linearity and no discernible hysteresis. The dynamic calibrations demonstrate that the frequency response, in terms of gain attenuation and phase shift, are not affected by the reverse mounting technique. The accuracy of the unsteady pressure measurements, determined from the calibrations, is +1-4%.
The rotor-based static pressure Scanivalve transducer, rotating cross hot-wire probe and 20 blade surface dynamic pressure transducers are interfaced to the stationary frame-of-reference through a 40 channel slip ring assembly. On-board signal conditioning of the transducer output signals is performed to maintain a good signal-to-noise ratio through the slip rings. The remaining 17 channels of the slip-ring assembly are used to provide excitation to the transducers and on/off switching to the Scanivalve DC motor.
DATA ACQUISITION AND ANALYSIS

Steady Data
The rotor blade surface static pressure data, measured with the rotor-based Scanivalve system, are defined by a root-mean-square error analysis of 20 samples with a 95% confidence interval. The reference for these midspan blade pressure measurements is the static pressure at the exit of the rotor measured on the rotor drum. Thus, the blade surface and the reference static pressures are measured at different radii. Hence, a correction for the resulting difference in the radial acceleration is applied in calculating the blade surface static pressure coefficient defined in Equation 1.
where Ut is the rotor blade tip speed.
Periodic Data
The periodic data of interest are the harmonic components of the aerodynamic forcing function to the first stage rotor blade row together with the resulting rotor blade surface unsteady pressures and unsteady pressure differences. These are determined by defining a digitized ensemble averaged periodic unsteady aerodynamic data set consisting of the rotating cross hot-wire probe and blade surface dynamic pressure transducer signals at each steady operating point. In particular, these time-variant signals are digitized with a high speed A-D system at a rate of 100 kHz and then ensemble averaged.
The key to this averaging technique is the ability to sample data at a preset time, accomplished by an optical encoder mounted on the rotor shaft. The microsecond range step voltage signal from the encoder is the data initiation time reference and triggers the high speed A-D multiplexer system. To significantly reduce the random fluctuations superimposed on the periodic signals of interest, 200 averages are used. A Fast Fourier Transform (FFT) algorithm is then applied to these ensemble averaged signals to determine the harmonic components of the unsteady aerodynamic forcing function and the resulting rotor blade surface harmonic unsteady pressures and pressure differences.
The unsteady inlet flow field to the rotor row is measured with the rotating cross hot-wire probe which quantifies the relative velocity and flow angle. The velocity triangle relations depicted in Figure 1 are then used to determine the unsteady inlet flow field to the rotor, in particular, the streamwise and transverse velocity components, u+ and v+, respectively. These are then Fourier decomposed to determine the first harmonic of the streamwise and transverse velocity components, termed the streamwise and transverse gust components, u+ and v+ .
The various unsteady aerodynamic gust mathematical models reference the gust generated airfoil aerodynamic response to a transverse gust at the leading edge of the airfoil. However, in the experiments described herein, the time-variant data are referenced to the initiation of the data acquisition shaft trigger pulse. Thus, for consistency with the models, the periodic data are further analyzed and referenced to a transverse gust at the leading edge of the first stage rotor blade. This is accomplished by assuming that: (1) the aerodynamic forcing function remains fixed in the stationary reference frame; and (2) the forcing function does not decay from the rotating hot-wire probe axial location to the rotor row leading edge plane.
The rotor blade surface unsteady pressure data, measured with the embedded high response pressure transducers, are analyzed to determine the harmonics of the chordwise distribution of the unsteady pressure coefficient, Cp , and the unsteady pressure difference coefficient, Cop . These are defined in Equation 2 and are specified from the Fourier coefficients of the digitized ensemble averaged dynamic pressure transducer signals.
where v+ i s the first harmonic transverse gust component, Vx is the mean axial velocity, and (3 is the relative mean flow angle in radians.
The final form of the gust generated rotor blade row unsteady aerodynamic data define the chordwise distribution of the harmonic complex unsteady pressure and pressure difference coefficients. Also included as a reference where appropriate are predictions from the transverse gust analysis of Smith (1971) . This model analyzes the unsteady aerodynamics generated on a flat plate airfoil cascade at zero incidence by a transverse gust convected with an inviscid, subsonic, compressible flow. RESULTS A series of experiments are performed to investigate and quantify the effects on the unsteady aerodynamic gust response of the first stage rotor blade row due to the detailed variation of the unsteady aerodynamic forcing function generated by the IGV wakes. Forcing function effects include both the transverse and chordwise gust components, defined by the ratio of the amplitudes of the first harmonic streamwise-totransverse gust components, Iu+r I, and the gust amplitude, defined by the ratio of the first harmonic transverse gust magnitude to mean axial velocity, Iv +/V 1 . The ratio of the streamwise-to-transverse gust amplitude, r +V+l was varied by changing the IGV setting angle. The level of steady aerodynamic loading, characterized by the mean incidence angle, was varied as a parameter. The variation in the rotor blade steady loading was obtained by holding the rotor speed constant and varying the mass flow rate and, thus, the mean flow incidence angle to the rotor blade row.
Periodic Aerodynamic Forcing Function
Four distinct 36-per-revolution aerodynamic forcing functions to the first stage rotor blade row are generated, characterized by nominal first harmonic streamwise-to-transverse gust amplitude ratios of 0.29, 0.37, 0.45, and 0.55. The unsteady aerodynamic gusts generated from the IGV wake first harmonic have nominal reduced frequency values between 5 and 6. The Fourier decomposition of these IGV wake aerodynamic forcing functions to the first stage rotor row shows a dominant 36-per-rev excitation fundamental harmonic with smaller higher harmonics. As the gust amplitude ratio increases, the transverse 0.24, thereby indicating that the mean flow field accelerates around the pressure surface leading edge before decelerating (diffusing) for the two lowest mean incidence angles, i.e., the steady pressure coefficient decreases and then increases.
harmonic gust amplitudes become smaller while the streamwise harmonic gust amplitudes become larger with respect to the mean axial velocity.
Blade Surface Steady Pressures
The effect of steady aerodynamic loading as characterized by the mean incidence angle on the rotor blade surface steady pressure coefficient is shown in Figure 3 . The level of steady loading only affects the steady pressure distribution on the pressure surface over the front 40% of the chord. On the suction surface, the steady loading variation has a large effect on the steady pressure distribution over the entire suction surface. Also, these data give no indication of suction surface flow separation. It should be noted that these surface steady pressure distributions are not affected by the characteristics of the periodic unsteady aerodynamic forcing function.
Rotor Row Periodic Aerodynamic Response
The periodic aerodynamic response of the first stage rotor blade row to the IGV wake first harmonic forcing function are presented in the format of the chordwise distribution of the complex unsteady pressure coefficient on the individual rotor blade surfaces as well as the corresponding complex unsteady pressure difference coefficient generated by the 36-per-rev IGV wake first harmonic forcing function, with the steady loading level as a parameter.
Pressure Surface Unsteady Pressure
The effect of steady aerodynamic loading level on the IGV wake generated first harmonic complex unsteady pressure distribution on the rotor blade pressure surface is shown in Figures 4, 5, 6 and 7 for nominal streamwise-to-transverse gust amplitude ratios of 0.29, 0.37, 0.45 and 0.55, respectively. The first harmonic gust amplitude, characterized by Iv +/V^ values of approximately 0.1 is small compared to the mean axial velocity.
For each gust amplitude ratio value, the form of the dimensionless unsteady pressure coefficient specified in Equation 2 results in a compression of the unsteady pressure magnitude data over the entire pressure surface for all gust amplitude ratios and all but the two lowest steady loading levels. For these two loading cases, large variations are found in the magnitude data in the neighborhood of the quarter chord, with these variations decreasing with increasing gust amplitude ratio. This corresponds to the previously noted effects of steady loading on the rotor blade surface steady pressure wherein loading primarily influences the front part of the pressure surface. Namely, the steady pressure coefficient value for the rotor drum hub steady pressure coefficient upstream of the rotor row is approximatelyThe level of steady loading has only a minimal effect on the pressure surface unsteady pressure phase, the exception being the two lowest steady loading levels in the front chord region. Also as t i Tvi increases, the decrease in phase in the 25% chord region becomes less for the two low steady loading levels, while the three highest steady loading levels in the front chord region and all steady loading levels in the aft chord region remain relatively unaffected by the gust amplitude ratio.
Suction Surface Unsteady Pressures
The effect of steady aerodynamic loading on the IGV wake generated first harmonic complex unsteady pressure on the rotor blade suction surface is shown in Figures 8, 9 , 10 and 11 for the four nominal gust amplitude ratio values.
The unsteady pressure coefficient magnitude on the entire suction surface is a strong function of the level of steady aerodynamic loading. This corresponds to the previously presented suction surface steady pressure data variation with mean incidence angle. For all gust amplitude ratios, the front-to-mid chord region data show a decreasing-increasing magnitude trend with chord, with the minimum magnitude chordwise location moving forward with increasing steady loading. This minimum corresponds to the minimum in the steady pressure chordwise distribution, Figure 5 , wherein the chordwise location of the change from accelerating to decelerating mean flow moves forward with increasing mean incidence. Thus, similar to the pressure surface unsteady response in the front chord region at negative mean incidence angle, the unsteady gust interacts with the accelerating mean flow field around the suction surface in the front chord region. In the mid-to-aft chord region, the gust amplitude ratio alters the effect of steady loading on the chordwise distributions of the unsteady pressure response. Namely, for the large gust amplitude ratios, a decreasing-increasing unsteady pressure magnitude trend with chord occurs, with the minimum moving forward with increasing steady loading. As lu +^ ! decreases, this increasing-decreasing magnitude trend with chord becomes smoother and the data increase dramatically in magnitude in the aft half chord. Thus, for this higher camber suction surface, the mean flow field interacts with the unsteady gust over the entire blade surface, with the gust amplitude ratio affecting the response over the aft half of the surface.
Nearest to the leading edge, the magnitude data increase with increasing steady loading level. As noted previously, this steady loading trend is attributed to the IGV wake first harmonic gust interacting with the mean accelerating flow field around the blade leading edge. have experimentally demonstrated the interaction of a rotor wake with a downstream stator row. They found that from approximately -20% to 10% of the downstream stator chord, the rotor wake generated unsteady velocity magnitude increases, with the increase becoming larger as steady loading increases. This indicates that the wake generated gust magnitude increases due to the interaction with the accelerating mean flow field around the blade leading edge.
With regard to the phase of the unsteady pressure, the streamwise-to-transverse gust amplitude ratio has minimal effect, with steady loading primarily affecting the phase on the aft three quarters of the chord. As the mean incidence angle is increased from the low loading level, the chordwise variation of the phase data on the aft part of the surface becomes linear, with the extent of this linear distribution increasing with increasing mean incidence. This linear chordwise distribution indicates the existence of a wave phenomenon, with a convective velocity equal to the mean axial velocity through the blade row (20.5 m/sec). This mean axial velocity wave phenomenon has been experimentally detected by other authors, Fleeter, et al. (1980) and Hodson (1984) but is yet to be physically explained.
Summarizing these blade surface steady loading and gust amplitude ratio effects, for the low camber pressure surface in the chordwise region where the mean flow field does not accelerate, i.e., the mid-to-aft chord region for all steady loading levels and the front chord region for the three high steady loading levels, the data compress for all gust amplitude ratios, indicating that steady loading as characterized by the mean flow incidence is a key mechanism for the low camber unsteady aerodynamic wake response. However, in an accelerating mean flow field, i.e., the front chord region for the two low steady loading levels, mean flow field interactions with the unsteady gust are also important. As the gust amplitude ratio increases, this interaction lessens. On the higher camber suction surface, the interaction between the mean flow field and the unsteady gust affects the unsteady aerodynamic response over the entire blade surface for all steady loading levels and streamwise-to-transverse gust amplitude ratios. Also, the gust amplitude ratio has a large effect on these interactions over the aft half of the blade surface. Unsteady Pressure Differences fhe steady loading effect on the first harmonic of the complex unsteady pressure difference across the rotor blade camberline is shown in Figures 12, 13, 14 and 15 for the nominal streamwise-to-transverse gust amplitude ratios of 0.29, 0.37, 0.45 and 0.55, respectively. Also presented as a reference are the flat plate cascade, inviscid, transverse gust predictions of Smith (1971) and Whitehead (1987) .
The effects of steady loading on the previously presented individual pressure and suction surface magnitude and phase data are still apparent, with the suction surface effects being dominant. For example, analogous to the high gust amplitude steady loading trends on the suction surface for the high gust amplitude ratio, the unsteady pressure difference magnitude data show two decreased magnitude regions, one in the front chord region and the other in the mid-to-aft chord region, with the chordwise location of the magnitude minima moving forward with increased steady loading. Also, the chordwise location where the rapid increase in value of the phase data begins to occur moves forward with increasing steady loading similar to the suction surface, whereas for the low steady loading level, the phase decreases sharply at 25% rotor chord per the pressure surface trends. Similar to the steady loading trends in the suction surface aft chord region, as the gust amplitude ratio decreases, the magnitude data increase.
These steady loading effects cause the chordwise distribution of the unsteady pressure difference magnitude and phase data to differ greatly from the flat plate cascade predictions, with the magnitude data not just decreasing with increasing chord and the phase data not remaining nearly constant with chord per the predictions. The lowest steady loading level, which most closely approximates the prediction model no loading condition, shows fair comparison with the magnitude data except in chord regions where strong gust interactions with the steady flow field occur, i.e., the pressure surface interaction at 25% chord and the suction surface interaction in the aft chord. The prediction differs from the phase data by approximately 90 degrees over the entire blade except, once again, in the 25% and aft chord region.
Effect of Gust Amplitude
The previous results considered the periodic aerodynamic response of the first stage rotor blade row to relatively small amplitude IGV wake first harmonic gusts, with the ratio of the transverse gust to mean axial velocity on the order of 0.1. The effect of larger amplitude gusts, r+/V,^ on the order of 0.3, on the blade surface unsteady pressure response, including the effect of steady loading, are presented in Figures 16 and 17 , where the effect of operation at the five nominal steady loading levels is also included. In particular, these figures present the chordwise distribution of the complex unsteady pressure coefficient on the pressure and suction surfaces generated by large amplitude 36-per-rev IGV wake first harmonic forcing functions.
The effect of the larger amplitude gusts on the pressure surface unsteady pressure response is demonstrated by comparing the high amplitude gust generated response with that resulting from the low amplitude gust of the same nominal streamwise-totransverse gust amplitude ratio value, Figures 5 and 16 . Nearly identical unsteady pressure magnitude and phase responses are shown for both gust amplitudes except in the 25% chord region for the lowest two mean flow incidence angles. In this front chord region at negative mean flow incidence, the interaction between the accelerating mean flow field and the unsteady gust is weaker for the larger amplitude gust, as evidenced by the decrease in the magnitude and phase variation.
The effect of large amplitude gusts on the suction surface unsteady pressure response is seen by comparing the high and low amplitude gust generated response for equivalent gust amplitude ratio values, Figures 9 and 17 . The phase data are unaffected by the gust amplitude, with the steady loading effect on the phase chordwise distributions being nearly equivalent. However, the magnitude data are greatly affected by the gust amplitude, particularly over the aft three quarters of the surface. The high amplitude gust magnitude data are greatly decreased compared to the low amplitude gust magnitude data, with the steady loading effect being greatly reduced. Thus, similar to the pressure surface front chord region at negative mean flow incidence, the interaction of high amplitude gusts with the mean flow is weaker than the interaction of low amplitude gusts with the mean flow.
SUMMARY AND CONCLUSIONS
The rotor blade row fundamental unsteady aerodynamic flow physics generated by periodic wakes were investigated at realistic values of the, reduced frequency. In particular, the effects of the detailed unsteady aerodynamic forcing function, including both the transverse and chordwise first harmonic gust components and the gust amplitude, as well as steady aerodynamic loading on the unsteady aerodynamic gust response of the first stage rotor blade row were investigated and quantified. This was accomplished by means of a series of experiments performed in an extensively instrumented axial flow research compressor.
The rotor blade surface steady loading distributions were quantified with surface static pressure taps and a rotor-based Scanivalve system. The aerodynamic forcing function to the rotor blade row was determined with a rotating cross hot-wire probe, with the aerodynamic gust generated rotor blade surface unsteady pressure chordwise distributions measured with embedded ultra-miniature high response dynamic pressure transducers.
The detailed IGV wake generated unsteady aerodynamic results of these experiments are summarized in the following. Forcing Function * The IGV wake forcing function shows a dominant 36-per-rev, with smaller higher harmonic content.
Blade Surface Steady Pressures * Steady loading affects the steady pressure distribution on the front portion of the blade pressure surface and over the entire suction surface.
* The unsteady gust amplitude ratio and magnitude have negligible effect on the steady pressui distribution.
Pressure Surface Response * The unsteady pressure phase data are nearly independent of the steady loading level and the gust amplitude ratio except in the front chord region at negative mean flow incidence. * The selected unsteady pressure nondimensionalization compresses the magnitude data with regard to mean flow incidence angle for each gust component amplitude ratio except in the front chord region for negative mean flow incidence.
* Increasing the gust amplitude ratio results in weaker interactions between the mean and unsteady flow fields in the front chord region at negative mean flow incidence. * Large amplitude gusts reduce this interaction between the unsteady gust and the accelerating mean flow field. * The magnitude of the unsteady pressure response on the blade pressure surface, i.e., the low camber surface, is thus primarily affected by the level of steady loading as characterized by the mean flow incidence angle except in the accelerating mean flow field of the front chord region at negative mean flow incidence.
Suction Surface Response * The unsteady pressure phase data are nearly independent of the gust component amplitude ratio, with increased mean incidence resulting in a linear chordwise distribution which corresponds to a wave phenomenon convected at the mean axial velocity of the flow through the rotor blade row. * The selected unsteady pressure nondimensionalization does not compress the magnitude data with regard to mean flow incidence angles.
* The mid-to-aft chord magnitude data are a strong function of the gust amplitude ratio, with the increase in magnitude with increasing steady loading becoming smaller with increasing gust amplitude ratio.
* Large amplitude gusts reduce these mean flow field interactions with the unsteady gust, similar to the pressure surface.
* The magnitude of the unsteady pressure response on the blade suction surface, i.e., the higher camber surface, is thus affected by both the steady flow field interactions and the gust amplitude ratio.
Unsteady Pressure Difference Response * The unsteady pressure difference data reflect the effects of loading on the pressure and suction surface unsteady data, with the suction surface effects being dominant. * These steady loading effects cause the chordwise distribution of the magnitude and phase data to differ greatly from the flat plate cascade predictions. * The lowest steady loading level data was correlated with flat plate cascade predictions, with the unsteady aerodynamic response correlation being fair. 
